1.2 Characteristics of the MMPs family {#sec1-1}
======================================

MMPs were discovered in 1962, since there over 20 human MMPs have been cloned and sequenced ([@ref1]). Metalloproteinases are a family of enzymes that degrade components of the extracellular matrix (ECM). These enzymes play an important role in various biological processes, both physiological and pathological, like for example cancer and atherosclerosis ([@ref2]).

The MMPs family consists of at least 25 zinc-dependent endopeptidases. They are classified into 4 subgroups and include secretory enzymes such as: collagenases (MMP-1 and MMP-13), stromelysins such as MMP-3 and gelatinases, which include MMP-2 and MMP-9. There is also a member of MMP family characterized by being an integral part of the plasma membrane called MT-MMP (membrane type metalloproteinase) ([@ref3]). Activated MMPs can completely degrade all extracellular matrix components. MMPs are produced by various cells including macrophages, fibroblasts, endothelial cells and smooth muscle cells ([@ref4]).

Most MMPs are synthesized as inactive pro-enzymes (pro-MMPs). Various serine proteases activate latent pro-MMPs by cleaving the pro-peptide domain ([@ref5]).

A large number of cytokines and growth factors can regulate the synthesis of MMPs. Il-1, PDGF and TNF stimulate, whereas TGF-ß, heparin and corticosteroids inhibit MMPs. The MMPs are more specifically inhibited by four naturally occurring enzymes called tissue inhibitors of matrix metalloproteinases (TIMPs) and also less specifically by a-2-macroglobulin and exogenous heparin. ([@ref3], [@ref5]). All TIMPs posses amino-terminal domain that interacts with the active zinc-binding sites of MMPs, blocking their access to substrate. Both TIMP-1 and TIMP-4 can interact and inhibit MMP-3 and MMP-9 ([@ref5]). TIMP-1 is synthesized by most types of connective tissue cells including macrophages.

MMPs and TIMPs together contribute to both the inflammatory state and the extracellular remodeling that occurs during atherogenesis ([@ref6]).

1.3 Metalloproteinases and vascular remodeling {#sec1-2}
==============================================

Vascular remodeling plays an important role in many physiological processes requiring cell migration and degradation of extracellular matrix (ECM). There are two systems able to degradation of most ECM components: the plasminogen activator-plasmin and matrix metalloproteinase system ([@ref1]). Connective tissue integrity depends on the balance between degradation and repair of the ECM. Activation or inhibition of degrading enzymes affects extracellular matrix remodeling ([@ref7]).

Structural changes occurring during the growth of atherosclerotic plaque lead to accumulation of cells and lipids within the intimal layer of the diseased artery. The mechanism leading to an increased number of intimal smooth muscle cells in atherosclerotic lesions remains largely unknown, but the contribution of migration and proliferation of smooth muscle cells (SMCS) has been suggested. An increase of MMPs expression and activation were associated with development of subintimal arterial lesions and SMCS migration in experimental models. MMPs inhibition decreases SMCS migration in vitro ([@ref8]).

Expression of various pro-MMPs is increased in atherosclerotic lesions. Macrophages derived foam cells in unstable plaque, have been identified as a major source of MMPs including MMP-3, in human and experimental atherosclerotic lesions ([@ref9]). Also some vascular smooth muscle cells have been shown to express stromelysin, which principally degrades proteoglycan core protein, laminin and basement membranes ([@ref10]). Finally, MMPs are thought to weaken the arterial wall leading to destabilization and rupture of atherosclerotic plaques ([@ref8]).

Regulation of matrix conservation and degradation by metalloproteinases determines the plaque stability and the risk of cardiovascular disease and stroke. MMPs activity is regulated at three levels: transcription, activation of zymogenes and interaction with specific inhibitors ([@ref1]). The gene transcription of MMPs is under tight control. MMPs polymorphism has been identified for several of them. The most studied to date are polymorphism that occur in the promoter region of MMP-3 and lead to low- or high-transcription activity genotypes ([@ref10],[@ref11],[@ref12]).

Recent studies identified genetic polymorphism of promoter regions of MMP-1 and MMP-3. There is a polymorphism at the -1171bp in the promoter region of MMP-3. The promoter region of MMP-3 is the 5A/6A allele and signifies a 5- or 6-adenine sequence. When the 5A allele occurs MMP-3 promoter activity is increased and in turn, MMP-3 levels are increased ([@ref12],[@ref13]). The 6A allele has been associated with reduced activity of MMP-3 promoter and MMP-3 levels. First, Mizon-Gerad et al. identified a strong relationship between MMP-3 5A polymorphism and MMP-3 tissue level. They have assessed the possible effect of MMP-3 gene polymorphism on the clinical outcomes of patients with heart failure (HF). Their data suggest that MMP-3 and MMP-9 polymorphism is related to the occurrence of cardiac events in HF patients ([@ref14]).

Many other clinical studies examined the relationship between MMP polymorphism and outcomes in cardiological patients.

Some investigators observed that MMP-3 polymorphism in patients with nonischaemic cardiomyopathy was an independent predictor of cardiac mortality ([@ref11],[@ref12],[@ref13]).

In the Helsinki Sudden Death Study, Polannen discovered that high MMP-3 promoter activity (5A) represented a significant risk factor in the population of 300 Caucasian males aged 33-69 years. In this study, men with high promoter activity for both MMP-3 and MMP-9 loci were found to have the largest number of complicated lesions ([@ref13]).

Recently, extracellular matrix metalloproteinase inducer (EMMPRIN) has been reported to induce and activate MMP expression. EMMPRIN is one of the factors involved in the production and activation of MMPs. EMMPRIN is a highly glycosylated transmembrane protein identified on the surface of human cancer cells. In one study, investigators found that EMMPRIN was expressed in human monocyte-derived macrophages. It was correlated with MMPs upregulation and colocalization with macrophages in atherosclerotic lesions. This data suggest that monocyte/macrophage-expressed EMMPRIN may play a key role in atherosclerotic lesions development, accumulation of macrophages and MMP production ([@ref6]).

Other kind of control is an activation of latent proenzymes. Activation of MMPs can occur intra- or extracellulary through the action of other proteases. In the process of stepwise activation previously activated metalloproteinase can activate other, increasing their proteolytic activity fivefold to eightfold. In several studies MMP-3 has been shown to activate the zymogen form of: MMP-1, MMP-7, MMP-8, MMP-9 and MMP-13. Similarly, MMP-12 has been shown to activate pro-MMP-3 ([@ref3]).

The inhibition of MMPs includes the interaction with specific tissue inhibitors of metalloproteinases.

1.4 MMP-3 and atherosclerosis {#sec1-3}
=============================

Stromelysin-1 (MMP-3) is a neutral proteinase secreted by connective tissue cells as an inactive zymogene (proMMP-3) and is capable of degrading many components of the extracellular matrix including collagen types I, and IV, fibronectin, laminin and proteoglycans. MMP-3 is also found as an activator for several other MMPs ([@ref5]). MMP-3 is also capable to activate of interstitial procollagenase (proMMP-1) and progelatinase B (proMMP-9) ([@ref15]).

Many molecular and cellular mechanisms link inflammation and haemostatic mechanism, for example atherosclerosis. Inflammation plays an important role in the initiation, progression and rupture of atherosclerotic plaques. Experimental data have established the key role of MMPs in atherogenesis ([@ref8]). Elevated levels of several MMPs including MMP-3 have been demonstrated within atherosclerotic plaques ([@ref16]). Macrophage-derived foam cells in unstable plaques have been shown as a major source of MMPs, including MMP-3 ([@ref4]). MMPs activities facilitate migration of vascular smooth muscle cells through the internal lamina into the intimal space, where they proliferate and contribute to plaque formation ([@ref3]). MMPs break down the components of fibrous cap of vulnerable atherosclerotic lesions. The fibrous cap contains collagen type I and III, and also elastin and proteoglycans ([@ref3]).

Circulating levels of MMPs and their inhibitors (TIMPs) could reflect the atherosclerotic process occurring within the arterial wall and have been identified in normal and failing myocardium. Recent studies suggest that MMPs and TIMPs play a role in various cardiovascular diseases including atherosclerosis and ventricular remodeling observed in heart failure ([@ref17], [@ref18]).

In the field of cardiovascular disease increased levels of MMPs have been reported in patients with hypertension, unstable angina and acute myocardial infarction ([@ref17]). In one study both serum MMP-3 and TIMP-2 levels were shown to be increased in heart transplant patients ([@ref17]).

In the study of Beaudeux and colleagues it was found that mean circulating levels of MMP-3, MMP-9 and TIMP-1 were significantly elevated in patients with hyperlipidemia compared to normolipidemic, healthy subjects. Moreover, elevated serum levels of both MMP-3 and TIMP-1 were significantly associated with the presence of carotid atherosclerotic plaques in patients at high cardiovascular risk ([@ref4]).

Wu et al assessed the prognostic value of different plasma MMPs in patients with stable coronary artery disease. In this study the number of diseased vessels, plasma hsCRP and MMP-3 level were associated with the development of cardiovascular events. However, only the plasma MMP-3 level was an independent prognostic marker for future cardiovascular events, suggesting its potential role in risk stratification of stable coronary artery disease ([@ref19]).

Some investigators reported the positive effect of statin therapy on MMP-3 levels. The beneficial role of statins (3-hydroxy-3-methylglutaryl coenzyme-A inhibitors) in patients with coronary atherosclerosis has been established by a large number of clinical trials. They are also widely used for the treatment of hypercholesterolemia. The primary role of statins is lipid lowering but their pleiotropic effects are related also to vascular inflammation, plaque stability, endothelial function and oxidative stress ([@ref20], [@ref21]). Statins were shown to inhibit secretion of MMPs from human and animal smooth muscle cells and macrophages that could contribute to plaque stability ([@ref22]). Recently, increasing evidence suggest that MMP-3 could be inhibited by statins thus decreasing a risk of cardiovascular events. Huang and colleagues observed that short-term effect of simvastatin treatment were different on serum hsCRP and MMP-3 levels in patients with hypercholesterolemia. Lipid profiles and serum hsCRP level were decreased while MMPs levels were unchanged. After withdrawal of statin lipids and CRP again increased while MMPs were still unchanged and MMP-3 was even lower. This suggested the prolonged effect of statin therapy on serum MMP-3 level, up to 120 days after simvastatin withdrawal ([@ref21]).

MMP-3 lowering by statin therapy is an interesting target but further work is required.
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